Background: Long non-coding RNAs (lncRNAs) are aberrantly expressed in many types of human cancer including pancreatic cancer (PC) and correlated with tumorigenesis and cancer prognosis, whereas knowledge about regulatory mechanism of lncRNA expression is few known. This study aimed to explore whether polymorphisms in lncRNAs genes are associated with PC susceptibility by affecting its expression.
growth, and apoptosis [9] [10] [11] . In addition, increasing numbers of studies revealed that the abnormal lncRNA level is closely related to the susceptibility, development, progression, and prognosis of various human cancers including PC [12] [13] [14] [15] . Previous studies have showed that three key lncRNAs (HOTTIP, HOTAIR, and H19) might serve as candidate genes for cancerization and therapeutic targets [12, [16] [17] [18] [19] [20] [21] .
A growing number of evidence has demonstrated that it plays a vital role in the process of carcinogenesis that the expression and function of several key lncRNAs are affected by single-nucleotide polymorphisms (SNPs) [22] [23] [24] . To date, a large number of studies have explored the association between the SNPs in lncRNAs and cancer susceptibility. For instance, functional SNP rs4759314 in HOTAIR gene could affect the expression of HOTAIR, and upregulation of HOTAIR was significantly associated with development, progression, and prognosis of various cancers [25] [26] [27] . Xia et al. demonstrated the significant association between rs217727 polymorphism and breast cancer risk from 464 breast cancer patients and 467 controls [28] . In addition, functional prediction of SNP revealed that rs1859168 could alter HOTTIP expression by influencing the transcription factor binding sites, and HOTTIP takes part in regulating cancer cell proliferation and survival [29] [30] [31] . Furthermore, several meta-analyses about the associations between SNPs in these key lncRNAs genes and various cancers risk have been conducted [32, 33] . However, the results were inconsistent and there were no studies focused on the problem which is the associations between these SNPs and PC risk.
Considering the vital roles of lncRNAs for cancer development, we enforced a two-stage case-control study to evaluate the associations of three common SNPs (HOTTIP rs1859168 A > C, HOTAIR rs4759314 A > G, and H19 rs217727 C > T) in key lncRNAs genes with PC risk in China, and explore the biological mechanism of the SNPs.
Methods

Sample selection and design
This study was approved by the Ethics Committee of the First People's Hospital of Yunnan Province (Kunming, China) and written informed consent was also obtained from each participant after a clear explanation about study objective. The study was composed of two independent case-control populations, the discovery set and the validation set, including a total of 921 PC cases and 921 age and gender matched healthy controls. All subjects were genetically unrelated to Han Chinese people. The 416 PC patients were diagnosed and treated at the Department of Hepatobiliary Surgery, First People's Hospital of Yunnan Province (Kunming, China) from 2010 to 2015; the other 505 PC patients were enrolled from the Department of Hepatobiliary Surgery, First Affiliated Hospital of Kunming Medical University (Kunming, China) from 2011 to 2015. All of PC patients in both populations were consecutively recruited. All patients were newly diagnosed, pathologically confirmed and without treatment of any medications. The diagnosis of PC was confirmed by histopathological or cytological analysis according to the World Health Organization classification. Another total of 921 subjects (416 from discover set and 505 from validation set) without cancer or other serious illness were selected as controls, and they were matched with the PC patients by age (± 5 years), sex, and area of residence (urban and rural).
Information on demographic characteristics and risk factors of participants were collected using structured questionnaires, including smoking status, alcohol intake, pancreatitis, history of hypertension and diabetes mellitus, family history of cancer. Fasting peripheral venous blood samples from patients and controls were collected in sterile tubes with EDTA-Na 2 anticoagulant. All blood samples were stored at −80°C until use. In addition, before receiving any treatment, 50 patients underwent surgery to remove PC tumor tissue and these fresh tissue samples were stored in liquid nitrogen.
Genotyping of lncRNA genes
Genomic DNA was extracted from 200-ul EDTA-Na 2 anticoagulant venous blood sample from each participant using genomic DNA purification kit (Tiangen, China) as described in the manufacturer's instructions. According to the manufacturer's instructions (Applied Biosystems), TaqMan SNP Genotyping Assay and ABI 7900HT Real-Time PCR System were used to genotype three polymorphisms (HOTTIP rs1859168 A > C, HOTAIR rs4759314 A > G, and H19 rs217727 C > T) in 921 PC patients and 921 controls. The primer sequences for each SNP were obtained from Applied Biosystems and described in Table 1 . The quality control was done as follows: 3 duplicates including three negative control samples (water) were performed in each 96 well assay plate; genotypes analysis was performed in a blind fashion; 10% of the samples were randomly selected for repeated genotyping for confirmation, and the results were 100% concordant.
Real-time PCR analysis
Total RNA was extracted from PC tissue samples using Trizol reagent (Invitrogen, USA) according to instruction. A Roche Light-Cycler (Roche, Basel, Switzerland) and SYBR Green reaction mix (Qiagen, Germany) were used to quantify relative HOTTIP expression, and GAPDH mRNA was chosen as a normalizing control. The primers for HOTTIP or GAPDH mRNA were as follows: HOTTIP forward: 5′-GTGGGGCCCAGACCC GC-3′; HOTTIP reverse: 5′-AATGATAGGGACACAT CGGGGAACT-3′; GAPDH mRNA forward: 5′-ACCAC AGTCCATGCCATCAC-3′; GAPDH mRNA reverse: 5′-TCCACCACCCTGTTGCTGTA-3′. The relative expression of HOTTIP was evaluated using the delta-delta CT (2 −ΔΔCt ) method.
Luciferase reporter assay
As rs1859168 was associated with PC risk and HOTTIP expression, we evaluated whether this variant had allelespecific effect on its promoter activity. Luciferase reporter gene plasmid was constructed using the psi-CHECK™-2 Vector (Promega). Firstly, we amplified the HOTTIP sequence with rs1859168 AA genotype by Genewiz Company (Suzhou, China) and cloned into pGL3-basic plasmids with Hind III and Bgl II digestion sites (Promega) yielding the wild-type vector. The mutant-type vector including the C allele of rs1859168 was generated using sit-specific mutagenesis (Stratagene). The resulting constructs were verified by direct sequencing. Then, the PC cell lines Panc-1, BxPC-3, and SW1990 was transfected with the constructed reporter plasmid and was cultured in Dulbecco's modified Eagle's medium using Attractene Transfection Reagent (QIA-GEN). Finally, the cells were harvested after 24 h transfection and were determined for two luciferase activity (Renilla and Firefly) with the Dual-Luciferase Reporter Assay System (Promega).
Statistical analysis
All data was analyzed using SPSS 21.0 software (Statistical Package for the Social Sciences, Chicago, USA) and when P < 0.05 was considered as significant (two-tailed). Firstly, the Pearson chi-square test and goodness-of-fit chi-square test were used for assessing differences in characteristics between two groups and for detecting Hardy-Weinberg equilibrium among the controls and patients for SNPs, respectively. Secondly, the multiple logistic regression analysis was performed to assess the relationship of each SNP and the risk of PC, with adjustment of age, gender, smoking status, alcohol intake, body mass index, hypertension, and history of pancreatitis, diabetes mellitus, and cancer. Lastly, comparing the relative expression levels of HOTTIP in PC tissues among different genotypic groups and luciferase activities in PC cell lines among different rs1859168 allele groups were carried out using Non-parametric Mann-Whitney U test and Student's t test, respectively.
Results
Characteristics of the participants
A total of 921 PC patients and 921 unrelated gender and age-matched healthy controls were recruited in our study, including the discovery set (416 patients and 416 controls) and validation set (505 patients and 505 controls). The demographic characteristics for the PC patients and controls of both discovery and validation sets were showed in Table 2 . The distributions of age, gender, body mass index, smoking status, alcohol intake, and hypertension status were not different between the PC patients and controls in both discovery and validation sets (P > 0.05). However, there were more individuals with history of pancreatitis and diabetes mellitus and family history of cancer in the PC patients than in the controls for both sets (P < 0.05).
Associations between SNPs in lncRNA genes and PC risk
The observed genotypic frequencies of HOTTIP rs1859168, HOTAIR rs4759314, and H19 rs217727 in controls are all consistent with the Hardy-Weinberg equilibrium (P > 0.05). The genotype distributions of the three polymorphisms between PC patients and controls in the discovery population were shown in Table 3 . Compared with HOTTIP rs1859168 AA genotype, subjects with the CC genotype obviously cut down the risk of PC (adjusted OR = 0.71, 95%CI = 0.57-0.88, P = 0.002). A significant association was found between rs1859168 and PC risk in recessive model (adjusted OR = 0.51, 95%CI = 0.38-0.68, P < 0.001) and additive 
Stratification analysis for associations between HOTTIP rs1859168 and PC risk
The association between HOTTIP rs1859168 polymorphism and PC risk in the pooled populations was further evaluated by the stratified analysis. The associations between rs1859168 AC + CC genotype and decreased risk of PC were more obvious in populations with age longer than 60, males, non-smokers, drinkers, and populations with hypertension, no history of pancreatitis, no history of diabetes mellitus, and no family history of cancer than in their counterparts ( Table 4 ).
The genotype-phenotype correlation between rs1859168 and HOTTIP expression
In order to assess the genotype-phenotype of rs1859168 in PC, we then calculated the HOTTIP expression in PC tissue samples with different genotypes. As shown in Fig. 1a , HOTTIP expression level was significantly lower in samples with CC genotype than that in samples with AA and AC genotype (P < 0.001).
The influence of rs1859168 and HOTTIP transcription activity
To further understand the mechanism of genotypephenotype correlation, the luciferase transfection system ORs and P values were obtained from logistic regression models with adjustment for age, gender, body mass index, smoking status, alcohol intake, hypertension, history of pancreatitis, diabetes mellitus, and family history of cancer was performed to assess the effects of rs1859168 on the promoter activity. As illustrated in Fig. 1b , the luciferase activity of the cells containing rs1859168 C allele was significantly lower than that of the cells containing rs1859168 A allele in three cell lines tested, which indicate that rs1859168 C allele may associate with a lower HOTTIP level than the rs1859168 A allele.
Discussion
In the study, the association between important SNPs in three key lncRNA genes (HOTTIP, HOTAIR, and H19) and the risk of PC was analyzed using discovery and validation approach, and the function of HOTTIP rs1859168 A > C was also evaluated. This is the first assessment about the association between three common SNPs in critical lncRNAs (HOTTIP rs1859168 A > C, HOTAIR A > G, and H19 rs217727 C > T) and PC risk. Consistent with the results of validation set and pooled analysis, the results of discovery set showed rs1859168 carrying C allele in HOTTIP gene was significantly correlated with reduced PC risk, suggesting that the polymorphism of rs1859168 locus was significantly correlated with the incidence of PC. To explore the association between rs1859168 locus and PC, all samples in the discovery set and validation set were classified based on general characteristics. Analysis results showed a significant association under recessive model (AA/ AC + CC) between rs1859168 and the risk of PC in subgroup populations with age longer than 60, males, nonsmokers, drinkers, and populations with hypertension, no history of pancreatitis, no history of diabetes mellitus, and no family history of cancer. To explore the function of rs1859168, the expression of HOTTIP in PC tissues with different genotypes was measured using RT-PCR and luciferase reporter gene assay, and the results showed C allele was meaningfully correlated to the decreased HOTTIP expression. Taken together, these data suggest that the rs1859168 locus is an important factor in assessing the risk of PC and the expression of HOTTIP.
In the discovery set of this study, three locus (HOT-TIP rs1859168 A > C, HOTAIR rs4759314 A > G, and H19 rs217727 C > T) on three lncRNAs referred to the initiation and progress of PC was explored. Our results indicated that neither HOTAIR rs4759314 A > G nor H19 rs217727 C > T was significantly correlated to the risk of PC. Numerous researchers have explored the relationship between these two sites and the risk of a variety of tumors. However, the results were not consistent. Our study explored the association of two loci with the risk of PC for the first time. Although they cannot be used as screening markers for PC in Chinese Han population, what surprised us was that HOTTIP rs1859168 A > C is strongly associated with the occurrence of PC.
HOTTIP, located at the 5′ end of the HOXA gene cluster, is an antisense non-coding transcript. To date, a great number of studies have reported the role of HOT-TIP in pancreatic cancers. For example, a study by Cheng observed that knockdown of HOTTIP had decreased proliferation, induced apoptosis and decreased migration of PC cells [20] . Moreover, there is increasing evidence about upregulated HOTTIP in various types of cancer tissues and that was associated with cancer progression and poor prognosis for PC [34] [35] [36] [37] [38] [39] . These evidences showed a tumor-promoting role of HOTTIP.
rs1859168, which is located at HOTTIP, was suggested to affect transcription factor binding sites and later the ORs and P values were obtained from logistic regression models with adjustment for age, gender, body mass index, smoking status, alcohol intake, hypertension, history of pancreatitis, diabetes mellitus, and family history of cancer centroid secondary structure and minimum free energy, which might influence the HOTTIP expression and function [29] . In the present study, we first evaluated the association of HOTTIP rs1859168 A > C with PC risk, the study is a two-stage case-control study with large sample size provided plenty statistical power and decreased the false-positive report probability. The study showed that the C in rs1859168 had a significantly decreased risk of PC in all genetic models, suggesting this site has the potential to be a marker for PC screening. There were only two studies that have evaluated the associations of HOTTIP rs1859168 A > C with cancer risk. Gong and his colleagues performed a case-control study with a total of 498 lung cancer patients and 213 controls, and found patients carried HOTTIP rs1859168 A allele had higher lung cancer risk [29] . Similarly, our work indicated that patients carrying AA + AC have more hazards developing PC compared with individuals carrying CC. However, a study by Richards showed that HOTTIP rs1859168 was not related to epithelial ovarian cancer risk in allele model in 1201 epithelial ovarian cancer patients and 2009 controls [40] . Extensive research has proved the expression of HOTTIP is closely related to the occurrence and development of lung cancer and pancreatic cancer, whereas no data exist concerning the relationship between the expression of HOTTIP and epithelial ovarian cancer. Thus, tumor type may be the main factor affecting the HOTTIP rs1859168 as a molecular marker for tumor screening, so as the study population. The study by Gong et al. [29] and the present work are both based on the Chinese Han population, while the research by Edward J. Richards is not, therefore, we conclude that HOTTIP rs1859168 can be used as a marker for PC in Chinese Han population, but it is not a broad-spectrum tumor marker. To further investigate the relationship between this site and the risk of pancreatic cancer, the case-control was classified based on general characteristics and analysis results showed the recessive model of rs1859168 (AA/AC + CC) was a well diagnosis biomarker of risk of PC in populations with age longer than 60, males, non-smokers, drinkers, and populations with hypertension, no history of pancreatitis, no history of diabetes mellitus, and no family history of cancer, which were not consistent with that of research in lung cancer by Gong. Therefore, attention should be paid to the population difference when using HOTTIP rs1859168 as the screening marker of PC. The work laid a good foundation for the genetic counseling of PC in future.
As the association of HOTTIP rs1859168 with the risk of PC has been demonstrated in this work, combined with the fact that HOTTIP expression was significantly related to the occurrence and development of PC, we hypothesize that HOTTIP rs1859168 polymorphism may affect the HOTTIP expression by altering its transcript activity and consequently correlate with the PC risk. Our results from the genotype-phenotype association analysis and luciferase activity confirmed this hypothesis.
There were several strengths and limitations in our present study. First, this is the first study to evaluate the association between three common SNPs in key lncRNAs genes and PC risk, and found positive association between HOTTIP rs1859168 polymorphism and PC risk. Second, the two-stage case-control study with large sample size provided plenty statistical power and decreased the false-positive report probability. Third, the functional studies of genotype-phenotype analysis and luciferase activity reporter assay mad a plausible biologic explanation of how HOTTIP rs1859168 variant affected PC risk. However, the study was hospital-based casecontrol study and all subjects were ethnic Han Chinese. Thus, well-designed population-based prospective studies with different ethnicities are needed to validate these results. 
